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Abstract 
The present paper addresses the energy performance of existing apartment buildings in Prishtina, Kosovo and investigates the 
potential energy-efficiency retrofit measures. Toward this end, three multi-family apartment buildings are selected. The study 
involves a number of steps, including data collection on microclimate, buildings’ typology and construction characteristics, and 
information concerning user presence and behaviour. The collected data is analysed, interpreted, and used for constructing 
performance models of the selected buildings. Furthermore, modelling results are compared with available energy bills, resulting 
in calibrated building energy use models that can be deployed to investigate the general potential of retrofit measures. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction
Countries around the world must reduce their national energy consumption. The need to decrease energy use
represents a major challenge in countries such as Kosovo, considering the unsustainable, insufficient, and 
inconsistent electricity supply. Kosovo has a high energy demand, especially in the housing sector, and it is 
dependent on electricity production from fossil fuels [1]. So far little research has been done on energy performance 
of buildings in Kosovo, and there are no clear energy standards and regulations. The largest share of total electricity 
used in the country (57.6%) is due to residential buildings [1]. Given this context, it is necessary to address, amongst 
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other things, the energy performance of multi-family apartment buildings. Multiple factors affect energy use, such as 
buildings' morphology and envelope properties, heating and cooling systems, and location [2, 3]. Moreover, energy 
use in domestic buildings is influenced specifically by occupancy characteristics, presence, behaviour, income, and 
lifestyle [7]. Modeling energy use depends on input data and calculation techniques [8-11]. 
To explore some of these issues, three multi-family apartment buildings, located in Prishtina, are selected for an 
energy performance study. These buildings are representative of typical design and construction practices in Kosovo 
and are exposed to similar climatic conditions. Energy use data for these buildings is available in terms of monthly 
electricity bill for each unit. However, no data is available with regard to energy use associated with specific 
services (space heating and cooling, lighting, cooking, domestic water heating and other electrical appliances). We 
thus intend to generate a model of use patterns for specific energy services, based on information on each building 
unit. Furthermore, the resulting energy use model is compared to the energy bills issued by the energy supplier for 
the years 2012 to 2014 [12]. The energy use model could thus be calibrated and represents an effective resource for 
the exploration of alternative energy efficiency measures.  
2. Approach
The method involves four steps. First, three buildings were selected that may be regarded as representative for the
targeted typology. Second, energy use information regarding these buildings was collected and analysed. Third, a 
detailed building energy use model was constructed. Fourth, calculations based on the energy use model were 
compared with available total energy use data, resulting in model adjustments. 
2.1. General description of buildings 
The three mixed-use apartment buildings selected for the study are located in Prishtina and constructed between 
1967 and 2010 (see Table 1 for a general overview). Building A is a five story apartment building, flanked on two 
sides by adjacent buildings. Completed in 1967, this building is representative of buildings with load-bearing walls 
and concrete columns. The building façade was thermally retrofitted in 2008. A number of old non-insulated 
wooden windows were replaced with double glazed PVC windows. The uninsulated roof was not renovated due to 
financial constraints. A number of apartments have extended their floor area by enclosing parts of their balconies. 
Building B, constructed on 1989, is flanked on one side by another building. The composite construction of the 
exterior walls consists of two prefabricated concrete sandwich panels and concrete slabs. The roof has a thin layer of 
thermal insulation, whereas the ground slab is uninsulated. Old wooden windows have two coupled frames each 
with single glazing. Some of the apartment owners have their old windows replaced with double glazed PVC 
windows. Building C is a free-standing, nine-story building. It has a reinforced concrete structural frame with 
thermally insulated envelope and double glazed PVC windows. It is representative of typical constructions 
completed after 1999. The thermal transmittance values of the buildings’ envelope are given in Table 2.  
2.2. Energy use 
The study assessed only the electric energy, which is used for lighting, domestic hot water, electric appliances, 
heating, and – in rare occasions – cooling. Monthly energy bills were obtained for the years 2012 to 2014. These 
bills do not provide information on internal loads, user presence, and user behaviour. Therefore, we collected 
additional information (residents, family size, occupation, indoor environment) through structured interviews, which 
were conducted in 2013 (participation level was 75% in building A, 92% in building B, and 76% in building C).  
Buildings A and B are connected to the district heating network [13], whereas building C uses electricity for 
heating (Table 3). District heating does not function properly. There is no metering, and charges are based on size of 
the apartment and billed depending on weather conditions, usually from October to April. Electricity is sometimes 
used for heating, depending on the owners' income and family structure. Interviews and observations suggest that 
owners are generally unsatisfied with indoor conditions and district heating. Nevertheless, electricity is used in 
buildings A and B for heating only at very low outside temperatures. Consequently, estimation of energy used for 
heating is rather difficult.   
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The selected buildings are naturally ventilated. Some apartments have ventilation hoods in the kitchen. Only two 
apartments in building A, one in building B, and two in building C have AC systems installed in their living rooms. 
The buildings have both incandescent and energy-efficient light sources. While conscious of the impact of lighting 
operation on electricity costs, residents are not fully aware of the energy implications of different lighting 
technologies. Information on installed power, type, and number of lighting fixtures could be collected for a number 
of units. Thus, the energy demand for lighting could be estimated based on assumptions regarding the hours of usage 
and additional adjustment pertaining to daylight availability and apartment size. The apartments in the selected 
buildings are equipped with typical electric appliances, but the total number and the hours of use can vary 
considerably. Electricity usage due to appliances was estimated using assumptions regarding hour of usage and the 
number of each unit's occupants.  
Hot water (for bathroom and kitchen) is prepared individually in each apartment via an electric boiler installed in 
the bathroom. Domestic hot water energy use was estimated according to BREDEM 2012 [14]. 
Table 1. General description of the buildings. 
Building A Building B Building C 
Gross floor area (m²) 1693 2151 2836 
Year of construction 1967 1989 2010 
Number of stories 5 + basement 6 + attic 9 + basement 
Number of apartments 21 22 32 
Number of residents  57 85 80 
Structure type Brick walls and concrete columns Precast concrete wall and slab panels RC structural frame 
 Table 2. Thermal transmittance of buildings’ envelope (W.m-².K-1). 
Component Building A Building B Building C 
Exterior walls 0.390 0.483 0.448 
Roof 1.818 0.704 0.281 
Ground slab 2.396 1.240 1.278 
Windows 3.3 and 2.5 3.3 and 2.5 2.5 
 Table 3. Energy sources in the buildings. 
Service Building A Building B Building C 
Heating system District heating and elect. District heating and electr. Electr. and wood (2 apartments) 
Cooling system  AC in 2 apartments AC in 1 apartment AC in 2 apartments 
Hot water, lighting, appliances Electricity Electricity  Electricity 
N
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2.3. Building energy use model 
The monthly energy use model (lighting, hot water, appliances) is generated for each building unit as follows:
mWmAPmLm EEEE ,,, ++= (1) 
Here, EL,m and EAP,m are monthly electrical energy use for lighting and appliances; EAP,m  for domestic hot water. 
The electricity use model was based on collected (interview-based) data regarding occupancy density and 
duration as well as installed power and use patterns of luminaires, appliances, and boilers. Moreover, seasonal and 
annual weather conditions were taken into consideration. The following equations were used to estimate the energy 
use for electric lighting and appliances: 
dlmL NffOPE ⋅⋅⋅⋅= 21, (2) 
doAPmAP NfhPE ⋅⋅⋅=, (3) 
Here Nd the number of days in a month, Pl is the electric power of luminaires, O the hours of use (three 
occupancy scenarios based on the occupants’ daily activities),  f1 the daylight contribution factor varying from 1 
(winter days) to 0.6 (summer days),  f2  a factor associated to apartment size varying from 1 (for typical one-room 
apartments) to 0.5 (five-room apartments),  PAP  the electric power of electric appliances, h  the hour of use, and fo a 
factor related to the number of each units’ occupants varying from 1 (for 2 occupants) to 2 (7 occupants). The 
resulting model is further calibrated after comparison of the estimated electrical energy use in one of the three 
buildings (Building B) with the information in available energy bills (for the months of April to September, when no 
space heating is required). Thereby, certain parameters in the underlying electrical energy calculations were adjusted 
(daylight contribution factor, lighting and appliances operation). To evaluate the performance of the calibrated 
model, it was used to estimate electrical energy use in buildings A and C. Furthermore, the calibrated model results 
were compared with the annual energy expenditures, which also allows for the estimation of space heating energy 
use.   
3. Results
3.1. Electricity use analyses 
The total annual electricity consumption in the buildings is shown in Table 4. The lower energy use quantities in 
2014 (especially in Building C) are due in part to the milder winter of 2014. Differences in occupancy patterns may 
also be partially responsible (especially in Building A) for the observed difference between the three years. The 
monthly distribution of electricity use (see Fig. 1.) displays a larger fluctuation (much lower summer-time values) in 
case of Building C. The likely reason for this may be the fact that electricity is the only source for heating in this 
building. The somewhat better energy performance of Building C (see Fig. 1. and Fig. 2) can be explained by its 
slightly better thermal quality as well as a lower occupancy density.   
3.2. Energy model performance 
As mentioned before, the electricity use model was based on data regarding occupancy density and duration as 
well as installed power and use patterns of luminaires, appliances, and boilers. Moreover, weather conditions were 
taken into consideration. The predictive performance of the calibrated model can be evaluated based on the results 
shown in Fig. 3. The calibrated model can provide fairly reasonable estimations of the three buildings in the non-
heating period. Fig. 4 shows the comparison of estimated versus actual total electricity use. The calibrated model 
performs relatively well for the months with no heating requirement. The difference between model-based 
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estimations and the actual consumption levels are, as indicated before, probably due to electricity use for heating in 
the colder months of the year. This conclusion is consistent with the fact that the year 2012, for which the model 
estimations display the largest deviations, was the coldest amongst the three-year period considered in our study.  
 Table 4. Total annual electricity use in buildings (kWh). 
2012 2013 2014 
Building A 125041 112650 91516 
Building B 178088 169993 152229 
Building C 197788 179061 1151393 
Fig. 1. Monthly distribution of total electricity use in the buildings. 
Fig. 2. Total annual electricity use per floor area in Building A (left); Building B (middle); Building C (right). 
Fig. 3. Total electricity use per floor area (from April to September of the years 2012 to 2014) in Building A (left);  
Building B (middle); Building C (right). 
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Fig. 4. Monthly electricity use in building A (left); building B (middle); building C (right). 
4. Conclusion
We presented a study regarding the energy performance of typical multi-unit residential buildings in Prishtina,
Kosovo. The objective of this study was to derive a calibrated model of electrical energy use, such that high-level 
energy use information (i.e., monthly energy bills) can be broken down computationally to account for energy 
requirements of different energy services (lighting, appliances, domestic hot water). Toward this end, local 
observations and interviews with occupants provided basic data regarding occupancy patterns and relevant 
equipment and devices. The study involved three buildings and a three year data collection period. Using the 
comparison of the estimation model with the electrical energy consumption data of the non-heating period of the 
year allows for both model calibration and estimation of the heating-related energy use. The approach and the 
resulting calibrated model is being currently deployed to investigate potential cost-effective measures for energy 
efficiency measures in the pertinent building sector in Kosovo.  
References 
[1] Kosovo agency of statistics. Available from: https://ask.rks-gov.net/eng/energy/publications. 
[2] P. Depecker, C. Menezo, J. Virgone, S. Lepers. Design of buildings shape and energetic consumption. Building and Environment 36. 2001; 
36(5): p. 627-635. 
[3] W. Pessenlehner, A. Mahdavi. Building morphology, transparence, and energy performance. In Eighth International IBPSA Conference; 
2003; Eindhoven, Netherlands. p. 1025-1032. 
[4] M. Santamouris, K. Kapsis, D. Korres, I. Livada, C. Pavlou, M.N. Assimakopoulos. On the relation between the energy and social 
characteristics of the residential sector. Energy and Buildings. 2007; 39: p. 893–905. 
[5] S. Firth, K. Lomas, A. Wright, R. Wall. Identifying trends in the use of domestic appliances from household electricity consumption 
measurements. Energy and Buildings. 2008; 40 : p. 926–936. 
[6] M. J. Kima, M. Eun Choa, J. T. Kim. Energy use of households in apartment complexes with different service life. Energy and Buildings. 
2013; 66: p. 591–598. 
[7] K. Engvalla, E. Lampaa, P. Levinb, P. Wickmanc, E. Öfverholmd. Interaction between building design, management, household and 
individual factors in relation to energy use for space heating in apartment buildings. Energy and Buildings. 2014; 81: p. 457–465. 
[8] J. V. Paateron, P. D. Lund. A model for generating household electricity load profiles. International Journal of Energy Research. 2006; 30: p. 
273-290. 
[9] I. Richardson, M. Thomson, D. Infield. A high-resolution domestic building occupancy model for energy demand simulations. Energy and 
Buildings. 2008; 40: p. 1560–1566. 
[10] Youn-Kyu Seo, Won-Hwa Hong. Constructing electricity load profile and formulating load pattern. Energy and Buildings. 2014; 78: p. 222–
230. 
[11] Danielski I. Large variations in specific final energy use in Swedish apartment buildings: Causes and solutions. Energy and Buildings. 2012 
June; 49: p. 276–285. 
[12] Kosovo energy distribution services KEDS. Available from: http://keds-energy.com.
[13] Termokos - District heating company. Available from: http://www.termokos.org.
[14] J. Henderson, J. Hart. BREDEM 2012 – A technical description of the BRE Domestic Energy Model; 2013. Available from: 
http://www.bre.co.uk. 
